This pa per pres ents pre lim i nary stud ies on the global so lar ra di a tion in a hor i zontal sur face along with the pre vail ing me te o ro log i cal con di tions mea sured dur ing the pe riod [1999][2000][2001] 
In tro duc tion
Knowl edge of global so lar ra di a tion is es sen tial in the pre dic tion, study, and de sign of the eco nomic vi a bil ity of sys tems which use so lar en ergy. In for ma tion on global so lar ra di a tion re ceived at any site should be use ful not only to the lo cal ity where the ra di a tion data is col lected but also for the wider world com mu nity [1] . A global study of the world dis tri bu tion of global so lar ra di a tion re quires knowl edge of the ra di a tion data in var i ous coun tries and for the pur pose of world wide mar ket ing, the de sign ers and man u fac tures of so lar equip ment will need to know the av er age global so lar ra di a tion avail able in dif fer ent and spe cific re gions [2, 11] .
Ob vi ously mea sured data is the best form of the knowl edge. Un for tu nately, there are very few me te o ro log i cal sta tions that mea sure global so lar ra di a tion, es pe cially in de veloping coun tries. For such sta tions where no mea sured data are avail able, the com mon prac tice is to esti mate global so lar ra di a tion from other mea sured me te o ro log i cal pa ram e ters like rel a tive sunshine du ra tion [3] [4] [5] [6] [7] [8] [9] [10] .
While de sign ing so lar en ergy sys tems, one also needs to know in so la tion val ues at hourly in ter vals for in clined and hor i zon tal sur faces [12] [13] [14] . Hourly val ues of so lar ra di a tion allow us to de rive very pre cise in for ma tion about the per for mance of so lar en ergy sys tems. For exam ple, hourly ra di a tion val ues are more use ful in cal cu lat ing the per for mance of flat plate col - lec tors than daily global so lar ra di a tion val ues. Sev eral me te o ro log i cal sta tions pres ent their data in terms of monthly-av er aged val ues of daily global ir ra di a tion. Where there are no such data avail able, it may be pos si ble to ob tain them from long-term sun shine data via mod els [15] [16] [17] [18] [19] .
The mean ob jec tive of this pa per is to an a lyze the mea sured global so lar ra di a tion of Mbalmayo, Cam er oon and also con trib ute sig nif i cantly to global so lar ra di a tion avail able in this part of the world.
Ge og ra phy of the site and data
Cam er oon is broadly di vided into two cli ma tic do mains namely: equa to rial and trop ical cli mate. Mbalmayo, the town in which this pro ject is lo cated lies in the cen tre prov ince of Cam er oon which ex pe ri ences equa to rial cli mate. Its co or di nates are lat i tude 11°30'E, lon gi tude 3°31'N; al ti tude 641 m. Mbalmayo spe cif i cally is sit u ated in the Guinea type of equa to rial climate. This is char ac ter ized by its four sea sons in a year (two rainy and two dry) with abun dant rains. This type of cli mate is char ac ter ized by high and fairly con stant tem per a ture, 25 °C on the av er age.
The pre vail ing winds in Cam er oon and of course, Mbalmayo are the South-West erly and North-East erly trade winds. The SW wind blows from the At lan tic Ocean and brings rain while the NE wind, a very dry wind, blows across the coun try bring ing the Harmattan dust with it -this is the dry sea son pe riod. The data uti lized herein were ob tained cour tesy of the In ter national In sti tute of Trop i cal Ag ri cul ture (IITA) sta tion of Mbalmayo.
Re sults and dis cus sion
Fig ure 1 shows the vari a tion of global so lar ra di a tion for the year 1999; there are two maxima (ma jor and mi nor) and two cor re spond ing min ima (ma jor and mi nor). The ma jor max imum oc curred be tween Jan u ary-March and the mi nor max i mum oc curred in Sep tem ber. The ma jor min i mum is in the month of Au gust while the mi nor min i mum is in De cem ber. The above re sult shows that the best month March, with global so lar ra di a tion of 20.1 MJ/m 2 , con tributes about 10.7% of the an nual to tal while the worst month, Au gust, with global so lar ra di ation of 12.7 MJ/m 2 con trib uted about 6.8% of the an nual to tal.
Fig ure 2 pres ents the over all av er age of global so lar ra di a tion for three years un der review (1999) (2000) (2001) . From the fig ure, the ma jor and mi nor max i mum oc curred in the months of April and Sep tem ber, re spec tively. The ma jor and mi nor min i mum is, re spec tively, in the month of Oc to ber and Au gust.
Fig ure 3 shows the mean de cad al daily global so lar ra di a tion vari a tion, again we have two ma jor max i mum oc cur ring be tween March-April (ma jor max i mum) and the mi nor max imum in Sep tem ber. The ma jor min i mum is in the month of Oc to ber, while the mi nor min i mum is in Au gust. Fig ure 4 pres ents the mean de cad al hourly global so lar ra di a tion in each month of the years un der re view. As ex pected, the 12 hours pat tern has the high est val ues of global so lar radi a tion fol lowed by the 16 hours pat tern and the least as 8 hours pat tern. This is due to the fact that on the Earth's sur face; the high est value of global so lar ra di a tion in ten sity is re ceived about the lo cal so lar noon, while 8 hours and 16 hours rep re sent the lo cal sun rise and sun set, respec tively. Also fig. 4 gen er ally shows that; in the months of Feb ru ary, April, May, and Septem ber when the Harmattan dust haze is ei ther just set ting in or clear ing off and the at mo sphere has less cloud ac tiv ity that is when we have peak val ues from the hour pat terns. Hence the hour pat tern vari a tion ob served from month to month could be di vided into two dis tinct groups: two max ima (ma jor and mi nor) with two cor respond ing min ima (ma jor and mi nor).
Fur ther more; from fig ure 4 the ma jor and mi nor max i mum dur ing 8 hours oc curred in Sep tem ber and May, re spec tively, while the ma jor and mi nor min i mum was in Jan u ary and Novem ber, re spec tively. For 12 hours val ues, the ma jor and mi nor max i mum oc curred in Feb ru ary and April, re spec tively, while that of ma jor and mi nor min i mum was in March and Oc to ber, respec tively. Fi nally, dur ing the 16 hours , the ma jor and mi nor max i mum oc curred in April and Sep tem ber, re spec tively with the ma jor and mi nor min i mum in March and Oc to ber, re spectively.
Anal y sis of the re sults show that high val ues of global so lar ra di a tion are as so ci ated with months when the at mo sphere has less cloud ing ac tiv ity and the Harmattan haze is just setting in or clear ing out. This can be ob served in the month of Jan u ary, Feb ru ary, March (long dry sea son) and Au gust (short dry sea son). There fore, there are two dis tinct groups of vari a tion -the high ra di a tion value be ing as so ci ated with less tur bid and cloudy months while the low val ues has to do with cloudy and tur bid months (long wet sea son Sep tem ber to De cem ber and short wet sea son be tween April and June).
The rel a tive im por tance of lo cal cli ma tic fac tors and move ment of the Sun in the sky on the amount of global so lar ra di a tion re ceived on the ground at Mbalmayo is fur ther highlighted by the vari a tion of monthly mean de cad al hourly ra di a tion. The Feb ru ary-April max i - The high est mea sured daily, de cad al hourly, de cad al daily, and mean monthly data for global so lar ra di a tion was found to be 29.7, 2.76, 21.8, and 20.1 MJ/m 2 , re spec tively. The highest hourly global so lar ra di a tion value up to 182.44 MJ/m 2 was ob served be tween March 21-31, 1999 . Apart from the global so lar ra di a tion mea sure ments, other ob served me te o ro log i cal param e ters were: the high est max i mum soil tem per a ture of 30.9 °C in March 2000, high est max imum tem per a ture of 31.5 °C in March 2000, the high est rain fall re corded in Sep tem ber 2000 was 337 mm, high est panevapouration was re corded in April 1999 as 125 mm and the high est re corded rel a tive hu mid ity was 102.9 in Jan u ary 1999.
The re sults ob tained have been com pared with Udo et al. [20] for Ilorin a trop i cal region like Mbalmayo. It is in ter est ing to note that two max ima (ma jor and mi nor) with two cor respond ing min ima (ma jor and mi nor) were also ob served [20] . In their re ports; they also had the best month as March with global so lar ra di a tion of 20.4 MJ/m 2 con trib utes about 9.9% to the annual to tal. While their worst month, July, had 14.5 MJ/m 2 lead ing to 7.0% of the an nual to tal. From the com pared re sults, our value for the best month of March is al most the same as that reported in [20] . While for the worst month, they had July and the value for global so lar ra di a tion is till very close. Those val ues are within the range of global so lar ra di a tion ex pected in the tropics [21] [22] [23] .
Con clu sions
Sea sonal vari a tion of global so lar ra di a tion at Mbalmayo is ob served. The two max ima (ma jor and mi nor) are in the months of March-April and Sep tem ber, re spec tively, while the corre spond ing min ima (ma jor and mi nor) were in the months of Oc to ber and Au gust, re spec tively. Mbalmayo has two types of global so lar ra di a tion -high ra di a tion val ues due to low tur bid and cloudy months while low value is as so ci ated with cloudy and less tur bid months. This sea sonal vari a tion im plies that, lo cal cli ma tic fac tors have more ef fect on the amount of so lar ra di a tion received on the hor i zon tal sur face than the Sun's po si tion in the sky. The high value of global so lar ra di a tion makes Mbalmayo a high po ten tial for so lar en ergy uti li za tion.
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